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DISPERSED OIL EFFECTS OW MANGROVES. SEAGBBSSES, AND CORALS IN TEE WIDER CARIBBEAN 
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ABSTRAl3 a r e a s  o f  d e c i m a t i o n  ( C u b i t  e t  a l . ,  1987) .  -- 

Most o i l  s p i l l  c l e a n - u p  p l a n s  i n  t h e  w i d e r  
C a r i b b e a n  i n d i c a t e  t h a t  d i s p e r s a n t s  s h o u l d  n o t  be  
u s e d .  T h i s  i s  i n  e r r o r  f o r  c o a s t a l  and e s t u a r i n e  
s p i l l s .  T h e r e  have  been  a  s e r i e s  o f  s t u d i e s ,  which  
w i l l  be  r e v i e w e d ,  b o t h  f o r  f i e l d  and l a b o r a t o r y  on  
t o x i c i t y  e f f e c t s  o f  d i s p e r s a n t s  on  c r i t i c a l  
h a b i t a t  m a t r i x  o r g a n i s m s  i n  t h e  C a r i b b e a n  b a s i n s .  
Red mangroves and s e v e r a l  c o r a l  s p e c i e s  were  s e e n  
t o  n o t  have  t o x i c  e f f e c t s  f rom C o r e x i t  9527  w i t h i n  
t h e  1-50 ppm r a n g e .  The Rhizophora  mangle  
e x p e r i m e n t s  by Teas  i n d i c a t e d  b e t t e r  s u r v i v a l  when 
C o r e x i t  was u s e d ,  t h a n  o i l  a l o n e .  L a b o r a t o r y  
r e s u l t s  For  s e a g r a s s e s  on s e v e n  d i s p e r s a n t s  showed 
l o w s ,  medium, and h i g h  t o x i c i t i e s  n o t  d e p e n d e n t  on  
o i l  t y p e .  These  r e s u l t s  i n d i c a t e d  a n  " a c c e p t a b l e "  
l i s t  o f  d i s p e r s a n t s  a s  t h e  B r i t i s h  have  i s  
n e c e s s a r y  f o r  t h e  w i d e r  C a r i b b e a n  m a t r i x - s p e c i e s  
p r e s e r v a t i o n  d u r i n g  s p i l l s  where  d i s p e r s a n t s  w i l l  
be used .  T h r e e  m a j o r  w i d e r  C a r i b b e a n  s e a g r a s s e s  
h a v e  d i f f e r i n g  t o x i c i t y  r e s p o n s e s ,  d e p e n d e n t  on 
t h e  d i s p e r s a n t ,  b u t  i n  t h e  same r a n k i n g :  T h a l a s s i a  
more t o l e r a n t  t h a n  H a l o d u l e ,  more t o l e r a n t  t h a n  
Syr ingodium.  C o r a l  r e s u l t s  i n  Bermuda and Panama 
by Knap erg. (1985)  f o r  D i p l o r i a  s t r i g o s a  and -- 
P o r i t e s  p o r i t e s  w i t h  A g a r i c i a  s p .  i n d i c a t e  t h a t  
t h e  d i s p e r s a n t  C o r e x i t  9527 i s  n o t  t o x i c  (1-50 
ppm). Ongoing s t u d i e s  i n  J a m a i c a  a r e  d i s c u s s e d  f o r  
c o r a l  and s e a g r a s s e s .  

INTRODUCTION 

Most o f  t h e  s h o r e l i n e s  c o n t a i n i n g  mangroves and 
c o r a l s  a r e  i n  t h e  d e v e l o p i n g  wor ld .  O i l  s p i l l  
c l e a n - u p  i n  t h e s e  c o u n t r i e s  h a s  been  a d o p t e d  from 
m e a s u r e s  f r o m  t e m p e r a t e  c l i m a t e s  where l e s s  
s e n s i t i v e  h a b i t a t  s p e c i e s  o c c u r  on  s h o r e l i n e s .  

A f t e r  d i s p e r s a n t s  were used  w i t h  a  n e g a t i v e  r e s u l t  
i n  t h e  T o r r y  Canyon S p i l l ,  d i s p e r s a n t s  were banned 
f rom u s e  by  most n a t i o n s .  Two d e v e l o p m e n t s  
o c c u r r e d :  1 )  many m a n u f a c t u r e r s  made a  f a r  l e s s  
t o x i c  d i s p e r s a n t ;  2 )  many s p i l l s  were  n o t  a b l e  t o  
b e  c o n t r o l l e d  by m e c h a n i c a l  means b e c a u s e  t h e s e  
were  t o o  l a r g e ,  t o o  f a s t  i n  a r r i v i n g  a t  t h e  s h o r e ,  
o r  t o o  d i f f i c u l t  t o  c o n t a i n  i n  booms ( h i g h  s e a s ,  
h i g h  w i n d s ,  f a s t  t i d e s ) ,  o r  a  d i f f e r e n t  s p a t i a l  
c o n f i g u r a t i o n  f o r  boom deve lopment .  R e c e n t  work o n  
mangroves  ( i n  f i e l d  and l a b o r a t o r y )  shows t h a t  
mangroves  a r e  s t a t i s t i c a l l y  more a b l e  t o  s u r v i v e  
o i l i n g  i f  d i s p e r s a n t  i s  added p r i o r  t o  t h e  t ime  
t h e  o i l  a p p r o a c h e s  t h e  mangroves ( T e a s  e t  a l . ,  - - 
1987) .  

The work d o n e  t o  d a t e  on  c o r a l s  i n c l u d e d  i n t e n s i v e  
s t u d i e s  o f  t h e  e f f e c t s  o f  t h e  d i s p e r s a n t  C o r e x i t  
9527 and a  BP p r o d u c t  on  t h e  c o r a l  D i p l o r i a  
s t r i g o s a  i n  Bermuda ( t h e  n o r t h e r n - m o s t  s i t e  of 
A t l a n t i c  c o r a l s )  by Knap and a s s o c i a t e s .  T h e i r  
c o n c l u s i o n  was t o  recommend u s e  o f  d i s p e r s a n t s  t o  
t h e  government  o f  Bermuda. Le Gore s g .  ( 1 9 8 3 )  
s t u d i e d  C o r e x i t  9527 on  s e v e r a l  A r a b i a n  Gulf  
c o r a l s  and found  no t o x i c i t y .  I n  Panama, f i e l d  
t e s t s  showed no t o x i c i t y  of C o r e x i t  9527 o n  
P o r i t e s  p o r i t e s ,  A v i c e n n i a  n i g e r  and T h a l a s s i a  -- 
t e s t u d i u m  ( G e t t e r  e t  a l . ,  1987 ,  Knap e t  a l . ,  - - - - 
1 9 8 5 ) ,  a l t h o u g h  a  r e a l  l i f e  o i l  s p i l l  showed l a r g e  

Mangroves have  been  shown t o  be  d e c i m a t e d  i n  a  
s e r i e s  o f  o i l  s p i l l s  i n  a l l  c o n t i n e n t s .  S e a g r a s s e s  
h a v e  been  l e s s  w e l l  documented ,  b u t  d e f i n i t e  
damage a s  a n  e f f e c t  o f  o i l  s p i l l s  h a v e  been  shown 
( r e v i e w  by Thorhaug ,  i n  p r e p ) .  

The s p e c i m e n s  were s e l e c t e d  t o  r e p r e s e n t  m a j o r  
c r i t i c a l  h a b i t a t  o r g a n i s m s  i n  t h e  f r o n t  seaward  
e d g e  o f  community,  i n  mid-depth r a n g e  and i n  n e a r -  
s h o r e  o r  e s t u a r i n e  a r e a s .  The spec imens  were 
c h o s e n  w i t h  h e l p  f rom U.W. I .  and NRCD e x p e r t s .  

Seven i n d i v i d u a l  s p e c i m e n s  f o r  e a c h  v a r i a b l e  
t e s t i n g  s e t  were  t a k e n  From o u t e r  K i n g s t o n  Harbor  
f o r  s e a g r a s s e s  and From t h e  m i d d l e  n o r t h  c o a s t  o r  
t h e  p r o x i m i t y  of D i s c o v e r y  Bay f o r  s e a g r a s s e s .  
Only v e r y  h e a l t h y  s p e c i m e n s  were  used .  

A f t e r  c o l l e c t i o n  and a c c l i m a t i o n ,  s p e c i m e n s  were 
exposed  t o  t h e  t e s t  s u b s t a n c e  i n  100 ,000  mL f r e s h  
s e a w a t e r  i n  50 g a l l o n  g l a s s  t a n k s .  S t a t i c  
c o n d i t i o n s  w i t h  v i g o r o u s  b u b b l i n g  o c c u r r e d  f o r  t h e  
i n c u b a t i o n  p e r i o d .  Specimens had t e s t  s u b s t a n c e  
p l u s  i n c u b a t i o n  w a t e r  removed r e p l a c e d  w i t h  f r e s h  
r u n n i n g  s e a w a t e r .  The o i l  was aged 24 h o u r s  p r i o r  
t o  a d m i n i s t r a t i o n .  The d i s p e r s a n t  was poured  i n t o  
t h e  o i l e d  s e a w a t e r  and v i g o r o u s l y  mixed by a  
p a d d l e  f o r  o n e  minute .  Measurement o f  i n c u b a t i o n  
e x p o s u r e  and growth  were made p r i o r  t o  
a d m i n i s t r a t i o n  o f  t e s t  s u b s t a n c e ,  a f t e r  and a t  2  
t o  3 d  i n t e r v a l s  t h e r e a f t e r  ( 1 0  d  s e a g r a s s  and 14  
d  c o r a l s ) .  125 ml o i l  w i t h  12.5 m l  d i s p e r s a n t  o r  
75 m l  o i l  w i t h  7 . 5  ml d i s p e r s a n t  were used .  
Measurements were  made from May t o  September .  
H e a l t h  o f  c o r a l s  was d e s c r i b e d  on a  g r a d u a t e d  
s c a l e  p r e v i o u s l y  d i s c u s s e d  by Thorhaug  and Marcus 
( 1 9 8 2 )  w i t h  100% a l i v e  and c o l o r f u l  a s  10  and 1  
e q u a l s  t o  d e a d ,  b l e a c h e d .  F i v e  t o  50% b l e a c h e d ,  
d i s c o l o r e d  o r  s p o t t e d .  10 = 100% a l i v e  and 
c o l o r f u l ,  5  = 50% b l e a c h e d ,  d i s c o l o r e d  o r  s p o t t e d  
and I  = 100% d e a d ,  b l e a c h e d .  

S e a g r a s s  g r a d a t i o n  of h e a l t h  and b l a d e  growth  
i n c l u d e d  a  s c a l e  p r e v i o u s l y  o u t l i n e d  i n  Thorhaug 
and  Marcus ( 1 9 8 2 ) .  The growth  measurements  were  
made on a  2-4 cm young b l a d e ,  o n e  on e a c h  o f  s e v e n  
s h o o t s .  Counts  of m o r t a l i t y  made o n  a l l  700 b l a d e s  
p e r  t a n k .  The s t a t i s t i c s  were Student-Newman- 
K e u l s  a n a l y s i s  o f  v a r i a n c e s .  The p r e l i m i n a r y  
r e s u l t s  o f  o u r  f i r s t  s e t s  o f  e x p e r i m e n t s  a r e  
r e c o r d e d  i n  r e s u l t s .  Ongoing r e s u l t s  a r e  s t i l l  
b e i n g  a n a l y z e d .  

The r e s u l t s  t o  d a t e  a r e  p r e l i m i n a r y .  F i n a l  
r e s u l t s  w i l l  be For thcoming  i n  one  y e a r .  The 
r e s u l t s  of  t h e  l a b o r a t o r y  t e s t i n g  can  be s e p a r a t e d  
i n t o  two s e t s  of d a t a ,  a l t h o u g h  g e n e r a l  r e s u l t s  
h a v e  begun t o  emerge which c a n  be s y n t h e s i z e d .  
The g e n e r a l  r e s u l t ,  n o t  e v e r  r e c o r d e d  u n t i l  now, 
shows t h a t  t h e  t o x i c i t y  o f  v a r i o u s  d i s p e r s a n t  
p r o d u c t s  was v e r y  s i m i l a r  i n  o r d e r  o f  r a n k i n g  
be tween  s p e c i e s  o f  - b o t h  c o r a l s  and s e a g r a s s :  t h r e e  



l e v e l s  of t o x i c i t i e s  were  a p p a r e n t  a t  h i g h  
c o n c e n t r a t i o n s :  h i g h  t o x i c i t y  ( 8 0  t o  100% 
m o r t a l i t y ) ;  medium t o x i c i t y  ( 4 5  t o  75% m o r t a l i t y )  
and low t o x i c i t y  ( 0  t o  30% m o r t a l i t y ) .  The same 
d i s p e r s a n t  p r o d u c t s  f a l l  i n t o  t h e  same r a n k - o r d e r  
f o r  a l l  s p e c i e s  t e s t e d  and f o r  c o r a l s  and 
s e a g r a s s e s .  

C o r a l  D a t a  

T a b l e  I shows two h i g h  c o n c e n t r a t i o n s  o f  d i s p e r s e d  
o i l  f o r  10 h o u r  e x p o s u r e  ( w h i c h  t i m e  p e r i o d  i s  
r e l e v a n t  t o  a b o u t  t h e  t i m e  a  t i d a l  c y c l e  would 
have  t h e  d i s p e r s e d  o i l  e x p o s u r e  t o  c o r a l s ) .  

C o r a l s  show a  d e f i n i t e  o r d e r  of i n c r e a s i n g  
t o l e r a n c e  t o  t h e  d i s p e r s a n t  p r o d u c t s .  Conco K  ( K ) ,  
OFC D609, C o r e x i t  9527 ,  Kemarine,  ADP 7  
( P e t r o g r e e n )  and J a n o s o l v  a r e  among t h o s e  most 
t o x i c  t o  a l l  t h r e e  s p e c i e s .  C o r e x i t  9550  f a l l s  
i n t o  a n  i n t e r m e d i a t e  r a n g e .  The l e s s e r  t o x i c i t y  
i n c l u d e s  E l a s t o s o l ,  Cold C l e a n ,  F i n a s o l .  T h e s e  
l a t t e r  m o r t a l i t i e s  were  25% and l e s s .  We a r e  
c o n t i n u i n g  t o  t e s t  d i s p e r s a n t  p r o d u c t s  i n  J a m a i c a .  

S e a g r a s s  

The p r e l i m i n a r y  l a b o r a t o r y  t o x i c i t y  t e s t i n g  s e e n  
i n  T a b l e  2  shows t h a t  J a m a i c a n  s e a g r a s s e s  were  
v e r y  s e n s i t i v e  t o  t h e  f o l l o w i n g  d i s p e r s a n t s :  Conco 
K(K), ADP 7 and OFC D609 and C o r e x i t  9527. 

The s e a g r a s s  t o l e r a t e d  E l a s t o s o l ,  Cold C l e a n  and 
F i n a s o l  f a r  b e t t e r .  Wi th  ADP 7 and C o r e x i t  9550  
b e i n g  i n t e r m e d i a t e  t o x i c i t y .  Bunker c r u d e  o i l  was 
more t o x i c  t h a n  was Venezue lan  m i d d l e  l i g h t  c r u d e .  

DISCUSSION 

Management P r i n c i p l e s  f o r  Use of D i s p e r s a n t  o n  
T r o p i c a l  H a b i t a t s  

For t h e  f i r s t  t i m e  a  s e r i e s  o f  m a j o r  d i s p e r s a n t s  
marke ted  a round t h e  wor ld  were  l a b o r a t o r y  t e s t e d  
and compared i n  t o x i c i t y  on  dominant  c o r a l s  and 
s e a g r a s s e s  i n  t h e  G r e a t e r  C a r i b b e a n .  These  t e s t s  
showed some p r o d u c t s  of low t o x i c i t y ,  which  e v e n  2  
o r d e r s  o f  magni tude  above  recommended u s e  were  n o t  
t o x i c  t o  c o r a l s  o r  s e a g r a s s e s .  On t h e  o t h e r  h a n d ,  
some p r o d u c t s  were  q u i t e  t o x i c  t o  b o t h  s e a g r a s s  
and c o r a l s  and s h o u l d  n o t  be  u s e d  n e a r  t h e s e  
r e s o u r c e s .  The o r d e r  o f  r a n k i n g  o f  t o x i c i t y  o f  
p r o d u c t s  was a p p r o x i m a t e l y  t h e  same be tween  c o r a l s  
and s e a g r a s s e s .  

I t  i s  now a p p a r e n t  t h a t  some d i s p e r s a n t s  a t  
c o n c e n t r a t i o n s  recommended by t h e  m a n u f a c t u r e r  c a n  
be  u s e d  u n d e r  v a r i o u s  s e t s  of emergency c o n d i t i o n s  
f o r  o i l  s p i l l s  which  f r e q u e n t l y  o c c u r  i n  t h e  
w o r l d ' s  t r o p i c s :  a )  e s t u a r i n e  s p i l l s  w h e r e  o r  when 
m e c h a n i c a l  means a r e  i n a d e q u a t e  t o  c o n t r o l  o i l  
f r o m  i m p a c t i n g  o n e  o r  more t y p e  of h a b i t a t ,  
e s p e c i a l l y  mangroves ,  b )  n e a r s h o r e  c o a s t a l  s p i l l s  
where  e n v i r o n m e n t a l  c o n d i t i o n s  a r e  r a p i d l y  
t r a n s p o r t i n g  s p i l l  toward one  o r  more c r i t i c a l  
h a b i t a t ,  c )  w e a t h e r  c o n d i t i o n s  when m e c h a n i c a l  
c l e a n - u p  is  i n e f f e c t i v e  and t h e r e  i s  a  d a n g e r  of 
i m p a c t i n g  c o r a l s ,  mangroves o r  s e a g r a s s e s .  ( I t  
s h o u l d  be n o t e d  t h a t  o u r  p r e s e n t  i n f o r m a t i o n  f r o m  
l i t e r a t u r e  shows mangroves a p p e a r  t o  be a f f e c t e d  
" p h y s i c a l l y "  by o i l .  When o i l  remains  i n  t h e  
s e d i m e n t ,  i t  a p p e a r s  t o  s m o t h e r  t h e  mangroves by 
c u t t i n g  o f f  oxygen t o  t h e  l e n t i c e l s  i n  t h e  
s u b s e d i m e n t .  I f  o n l y  t h e  above  ground p o r t i o n  i s  
o i l e d ,  no  m o r t a l i t y  o c c u r s .  I f  t h e  o i l  is  

d i s p e r s e d  p r i o r  t o  a r r i v i n g  i n t o  t h e  mangroves ,  
t h e  mangroves do n o t  e x p e r i e n c e  m a s s i v e  m o r t a l i t y  
[ T e a s  -- e t  a l . ,  19871) .  

Thus ,  i t  i s  i m p o r t a n t  t o  f i n d  low t o x i c i t y  
p r o d u c t s  a s  d i s p e r s a n t s  f o r  c o r a l  and s e a g r a s s .  

A l l  p a r t i e s  must  s t o p  u s i n g  t h e  g e n e r i c  t e r m  
" d i s p e r s a n t s "  w i t h i n  t h e  o i l  s p i l l  c l e a n - u p  p l a n s .  
S p e c i f i c  t e s t e d  and n o n - t o x i c  d i s p e r s a n t s  mus t  be 
named f o r  s p i l l s  on  e a c h  h a b i t a t  t y p e  w i t h  t h e i r  
u p p e r  c o n c e n t r a t i o n  l i m i t s  f o r  u s e  d e s c r i b e d .  

F u r t h e r  l a b o r a t o r y  t e s t s  must  be  done  by n a t i o n s  
i n  t r o p i c a l  a r e a s  t o  t e s t  t h e i r  commonly u s e d  and 
s t o c k p i l e d  d i s p e r s a n t s  f o r  t o x i c i t y  e f f e c t s  on  
t h e i r  c r i t i c a l  h a b i t a t  o r g a n i s m  s u c h  a s  v a r i o u s  
s p e c i e s  of c o r a l s ,  m a n g r o v e s ,  s e a g r a s s e s  and 
marshes .  It is u n r e a l i s t i c  t o  imagine  s m a l l  t h i r d  
wor ld  n a t i o n s  w i l l  f i n d  t h i s  a  p r i o r i t y .  R e g i o n a l  
m u l t i n a t i o n a l  and i n d u s t r i a l  f u n d s  s h o u l d  
u n d e r t a k e  t h i s .  

A  n e t w o r k  of r a p i d  i n f o r m a t i o n  d i s s e m i n a t i o n  t o  
i n d u s t r y ,  e n v i r o n m e n t a l  management,  government  
s p i l l  c l e a n - u p  managers  s h o u l d  be o r g a n i z e d  s o  
t h a t  w h a t e v e r  i n f o r m a t i o n  is  d e r i v e d  c a n  be 
d i s s e m i n a t e d .  

R e s o u r c e  maps which  must i n c l u d e  t h e  e x a c t  s p e c i e s  - 
o f  mangrove,  s e a g r a s s  o r  c o r a l s  s h o u l d  be i n c l u d e d  
i n  o i l  s p i l l  c o n t i n g e n c y  p l a n s .  S i n c e  t h e  
t o x i c i t y  e f f e c t s  d i f f e r  by more t h a n  o r d e r  of 
magni tude  between s p e c i e s ,  p r e s e n t  "lumping" 
r e s o u r c e  maps ( i e .  " s e a g r a s s e s )  a r e  i n a d e q u a t e .  
By i n t e g r a t i n g  t h e  r e s o u r c e  maps i n t o  p l a n n i n g  o i l  
s p i l l  c l e a n - u p  i n  a  manner a s  V e n e z u e l a  h a s ,  
u p d a t e d  i n f o r m a t i o n  c a n  e a s i l y  be i n c o r p o r a t e d  
i n t o  p l a n s  o n  a  y e a r l y  b a s i s .  
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Table 1. P e r c e n t a g e  m o r t a l i t y  o f  s e l e c t e d  J a m a i c a n  m a j o r  h a b i t a t  c o r a l s  - v s .  D i s p e r s a n t  t y p e  o f  d i s p e r s e d  
V e n e z u e l a n  l i g h t  o i l .  

Porites porites Unntastrea annularis Acropora palmata 
Dispersant Type 1 2 5  ml. 75 mL. 1 2 5  ml. 75 mL. 125 mL. 75 ml. 

1 0  lk s .  1 0  lks .  1 0  Hrs. 

Conco 
OFC D609 
C o r e x i t  9527 
Kemarine 
ADP 7  
C o r e x i  t 9550 
J a n s o l v  
E l a s t o s o l  
Cold  C l e a n  
F i n a s o l  
O i l  o n l y  
C o n t r o l  

Table 2. P e r c e n t a g e  m o r t a l i t y  o f  s e l e c t e d  J a m a i c a n  m a j o r  h a b i t a t  s e a g r a s s e s  - vs .  D i s p e r s a n t  t y p e  o f  
d i s p e r s e d  V e n e z u e l a n  l i g h t  o i l .  

Dispersant Type 
Thalassia 

1 2 5  mL. 75 mL. 
6 lks .  1 0  Hrs. 

Conco 
OFC D609 
C o r e x i t  9527 
Kemar ine  
ADP 7  
C o r e x i t  9550 
J a n s o l v  
E l a s t o s o l  
Cold  Clean  
F i n a s o l  
O i l  o n l y  
C o n t r o l  

Halodule 
1 2 5  mL. 75 mL. 
6 Hrs. 1 0  Brs. 


